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ABSTRACT

Frour Nlass'a rR-IlC transducer elem,.nt-, of the type used in 'he
ARTEMIS acoustic source,, %vr,, mchanmcallv and eiectcall, modii, d
to real~ze an increased pox~er halndling (apabilht and to facilitate a
parallel electrical connection of eleme .,nt, in an Array .  The n,,odif,,.d
elements. designated type rR -1 lIF, were fitted wi'th new springs
designed to operate contntuously with cvchic deflections of 2.1 mils peak
to peak replacing the original springs Ahich h~ad a maximum safe deflec-
tion amplitude of approxirrite[,, ten milh, peak to peak. The original
magnet coils %%.ere replaced vith coil ina•ing a larger number of turn-%
of smaller wire. The resultig ,nc:rta ,d impeclante factlhtll,,- a
parLIleI connection of e.lements in that siax parallel t onnected iR - II F
elements would have the same impedance as six series connected
TR-IIC elements. The pres ent ARTEMIS source utilizes a (onfigura-
tion of parallel rie :trical connection to groups of -;%x seriies connected
elements. The modheication also incorporates an altered air gap con-
figuration and special instrurmentation to per-nit measurements of
sp-ine deflections.

This report describes tests in ,%hich the four mnodified elements were
operated with a %kater load at the m xtmar dlesign. spring d-flec-tion for
aplroximatet\. 10,300.000 cycles;.

Me.chanical. electrical and a,.oubtic measurements obtained during and
followingz the endurance tes, indi,:ahed that the elf-mentn were not
damaged by¢ ope,.st~on .it thi' lexel.

PROB3L E M '\UIINO \T :O"N

ONI, IN 0 4 t
N RIL prbleii I0 I

PR 0!BLt-'M 'T I I I"i

..4. '..
1,- a f-a no,;ico po o 'ok tniun

CONFIDENTIAL-

1

ABSTRAC

FourMa'ia R - ICtrd~duer eemit o th typ usd i 'h



GONFIDEN UIAL

INTRODUCTION

The Massa type TH- I IF \,.rzable rel'ictat ce transducer qlemp t is a
modification. of the Mlaq sa I R - I IC v It-me-rt which -,s preecnli) e-mplnx--d
in the ARTEMIS acoustic source. lTe modification consists of a
change in the spring design. in the magtnet coil windings. arnd tn- air
gap coittguration. The mechanically impro~edI springst ha'.e been
designed for a maximum periodic deflection of 28 thousandths of an
inch peak to peak without fatigue failare. I he' ne-A magnet coils ha~e
an electrical impedance wahich is lb times that emnployed in the TR- I IC
elements, thus facilitatrng a pa.-allt ele'ctrical cunnection of elements
in a multielement array. The present contigu rat ion of the ARTEMIS
source employs TK- I IC elemnents vith a parallel electrical connection
of groups of sixc series connected element,,. The impedance of the TR -
I IF elements is such that .ix parallel onnected I H-I IF elements ha..'
the same impedance as 4ti\ spne'. coinnected TR- I IC elements. A
ctmple-tely parallel array of TH- -IF vle'nierts %oulcl have the same
impedance as the preqent ARTEMIS array. The magnetic air gap has
been modified to a non-uniform conittiurat ion \hich maintains the same
n-agnet~c reluctance as in the TR -I IC e-le'mentse but mechianicallv
restricts the spring deflection to aptio c-wetv 12 thousandths of an
inch peak to peak. The new spring anrd ain gaep tonfigurations are

*illustrated in figure 1.

Ti-st-i of four TH- I F elemrnt'. %ere 4 'rduk tell dkirnig the period 13 -
26 No~ember 19t)3 at the I: S. Nda~al ,-e'anch Lasboratory Transducer
Calibration Platform at Lake ,irne-.a. New~ York.

PVRPOSF OF Tr.ST

The purpost.- of thito Ni %k1 to er.f\ t!'e' ine~hat,ih al and] e'Ietnial
irte'eitv of -hr rR- I IF(- me'l't, -o ,periliet~ rn ai \%Ater load 'Aith
a niaxiniim '.prri,, de-ir'ttvr. eo 22 t'ni-at.dti.' of an inch peaK to peak.

EXPEHIMENTA.\ I. l'HODCN I:

Foiur IR - I I F Lrin'.ai, er e.lement, were moeint''i ini *.he center ot a
pilane tirrA\ of 2M 1 R -I IC vlc-ent'. i,' :1I,-1raie' -. tig'ire 2. \ tront

11* tt. ,,nro . i riA% t , i, -i n in t~r- 3
hIt tn-. t , I H-...eI'm tt -.... t nfd a to 'e- a an aco,., ti

I C (ON F1 VFNTI A L
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baffle in order to increase the acoustic loading on the active TR I IF
elements. The elements were electricallv connected as shown in
fig-ire 4. Polarizing cu|rre.nt .kas applied to the inactise element. -id
shorting capacitors cornetd it ro. their outputs in order to inc -ease
thei- effectt\e mass. No pressure releae material was used. thus
permitting acoustic radiation from both %des of the plane array.

Each TR - II F elemen was instrumented with two accelerometers
attached to the inner mass and one accelerometer attached to the outer
mass. The inner acceler )meters were located near the top and bot-
torn edges of the internal mass and the external accelerometer was
attached at the center of one radiating f.ace By conerting the rrea -
sured accelerations to displacements and %ectortally adding each
internal displacement to the external displacement, a measure of
spring deflections at the top and bottom of the element were obtained.

The array was submerged on a pipe string to a depth of 100 feet to its
center. A receiting hydrophone was suspended at a horizontal range
of ten m-ters.

With an electrical power input to the four I'R-IIF elements of
approximately ";0 watts, the array vas drien at ft e cycles per
4econd increments of f-equency from i'O to 40 cvcle! per second and
at ten cycles per second Increment% from 4P0 to 1,00 cycles per iecond.
Frequency, power, ac current And %oltage, polarizing current and
voltage, hvdrophone output. and accelerometer phaseq and amplitudes
were measured and recor'ed at each frequencv. Ihe measurement of
poiarizing %oltage and current into the -it t. e e.lements permitted the
element coil temperature to be monitored. Directi itv petterns were
obtained by rotating the projector in ten decree intrements of azimuth.

lhe tr.Lnsdth .vr fAti&ue tet %&as initiated b% dlri ,inv the arra% at 42c
tcles per second at ;n, re',e'ins: power nput't uintil one tornputed spring

ti'ilettion vqidaled approxsmatle' k o tioi1enlths ol an inch pe, k to peak
I he arra% was then ,perA1t l !or 10, ' le%, nmiintaininct a nearh
IOl"t, /t t n'I Nr .m dI el t i1 n \ tIe'oeo, \ mzin~ite intitr\ a[s the tnie

Ir,'q i, . po er a, .rr .ir t .d oIl ti '6. pioirtzivz tirrent and
t)i e'., ,II% uIroplmire o ilp-it, itr t t tlert -n-t'r phaSe." And AmphtlideS
.er. r v ,u s t: red -kil re, rdt te .et
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I .ONFIflDEN rA 1.

rhe ,tcoolitit. loadingt (n the' to-ir i !'nee.it i'rr-iv % 'a4 (ompeite't a t the
rai eel the me'~ar,'d radititect p e'r to ''lAt povf'r A hici %O~il,. be'
r~ithi-c'e hv' a riid p1ea.' pi'eton ope'rae ez.: .nl, t init enie ioitl Ing AT

a.tt' e'qeiaI it, thait of the' eright radiAtef2g '.it en of the foe.. .'n.'mnt4. artd
ha.ting a emforni dcttpi.t~ m.'nt a.imweit rqujal to the' ront -mean --tquarr
%a.l ie of the 'Ariou4 th-tplacre'nent Amplet ide'4 of the -nd.. tel ial -Ioe'entn

Aithoejeth acte Lerome'to'r heettrunicentat ion %&, prro ided ecrn ill faoir of the'
11 -11 F Ope'emt'atst. one' internal acee'lerome'ter a~nd the exte'tn~l 4(i celer

omnete'r on elerment number one h th dc~lee'ops-d -thort t rcqi!' is '%-
begi:nni of the te't,; the reninti eett'reeeel A&( errometrr cn r'ipfl'.'fl
neeeebe'r one dviplat .'el A %erv etetrtl Ad' ae triv. Cuntl'eart1 I. n~o
displacc'ment data is .e.atlAble tar elpment n eneber eori'.

R ESULTS

I he', fne que'ae'v e'ha rAe trretic' tiee the' -'Ill' Piementst %pre tfl,entigatc-I
o'.C i tht' rAnge fromc I c0 to "tt0 k.' v( 1p per ic'' one Ne'ithe' i t l-P sip't

t t-rent nor po'Ae'r wAi held ton-4tant i%~ 'ie frq ie'ne v %A 4 liangod
Ilotilt-vt'r. the' poielen 'Aas m~eenta ne',1  

it -'e' fliep limit, of1 4t, to .4HO %All,'

She' polarizing t irrent into the' ejr4e il l -I !oer :tea rl 'onne' 1-i I H'- I I F

e'le'meneet'. sai held t onsitant At - J2 snipwr'% ili inene peiiArint
ciinre'nt %%'A,4 he f acnprre'%. I he'I lrci in r1 iv' ' .rrer.t %4,a ; n The
te''t clue' to An in~tr Ioe'ntAtieen e'frer -v s',nlf inc1 ex, p~ %4. c.%.

teieve -rrentt rectee. i't) teete.O impc~r- in ' ri, r sr c. rrttcl ien c' e't il It

.'ie'eee'rtC Sin, p e'i the ci.bc'r ,I ' ernt. o'ne ' abinct, o.Ic tit te I R ' I I [

e'iceea' ix tue'", te.t t of'.ie' 11 11C ~. t.e' pr,'Ieer p4ceAr.r.naj

\ ~reeip el foir -1v'Iow'ft" .n kier i-i 'rt '"' ~*
pelArijicig , errunt

actiep'c alternating t iit rc'nt inpe-it ,re peet!"'i t ''1 . ., I " nel'

hitti e cin, ieliei relti P' pnA-e' -c.e'~'etcI, :.,: r," A''CI

.11141 t'tc . it.. Wie'e t e e'e s 1111' ''e '1 '', .'' - , c' I . r, -, '

I he - I'tr ill pri'dnj, 1. -'' n '.rt' i' r i.

oil. 4
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mIR fil-ratify lii1(hr r resii,4istil ittittol t itit on -1eii p eAt V. 1c v . Ives per

sip t~ I )ri Dreit tvty 11.114. rro if the 'r rcr tocental IArray at freqicictt iro*
of( S'i 17 I, 400, 4Z ", 4St0, 47 ". andi SOO iy( ItS peer e finalar :,~- rate*I
tin fiforps 17 through Z

I lip lineoarity of thoe. *Ietnints with roespet to input poweor to Metalt rateed
tn figure. S!4, 26 anti 28 In whitch mass displac ement a ropilitactes a re
plotteod, anti in figured 10, 11 anti U. plot@ of c nrresponding spring
tleflocotons. the colneling diaplacoment phase are illustratetd in
figuroe 2N, 27 and 29. I he dotted lineis in these Illuistraitions reipreent
repeated date for vhich the pulartatong torrent hatil been rodti. oid fromi
7. 9Z to 6.60 amperes Figutre I1I is a plot of the impedant v of 'he tour
parallel connectesd elements antd figurpe 34 andi IN illusttrate the uorres
punding values of Acoolsic loading anti effi tency. rospect Itvly

The final esperiment consisted of an endurance te(Pt in whit it the array,
was (operated for six anti ones -half housrs at 4Z' N (~ Vi i per so. Sindi I he
tlaxiltiusn spring tieflei lion was nitintatied At an sioplitac i olf ppro it
itately let. N thousandlths oif an one hs. eAlc tit l.eak. I tip pol~ais , oar
rent wrs hoel conetAnt at ft1 tv.1fiffroe Im 0r asti .1toe half httcs1ro of
ionlhifltitti caeratian orsat totplislied i t, 1~ Ntt~ovottir aintI the reriAtti

Isi iwo hasurcof ti tottinaccum operatitiin were leofrtrtipc£on 11 No' embeor
D )irtttg the- tote rvening tire, the A rray teitAttiihoergc ttcil -%4 mi

fle'ip .etin P. at titsit litiini, anti eft cc loet -,l iceto array are lilti terl
its fif-ire M, 17 AnsI Ml resliltr~ly Iiritig lisp r-an, the tecitit lIm..er
was valriefd- stightly tittjreter (isii o~aint tic 1I.Alislc-1 4ajirtlig cietiet 11c11c
At aI apprtsiocately c nostfitnt Ieiiiii lice itilal pitwet is 1,14410.1icrc
flire 11 l ip osfes ditiapla etccnts Are ilciottraed- cc. tilkcccc 4i). 4,'
Antd 44 w~i . mtc itifft Icisaoe pltit in litiures 41. 41 seiei 4' (tie .crre
lcccimidg 41tr itax -'teil tis 4re lcc tit loi cre 40, lice -I;~*etlectc
ais cieier;111ne1 "Itripe, the- letlarting scaltalle aeti1 , srreo. *c pl--flpi i

ligit re 4? hot *nto r ltelirte aire wasi 4'1? 1 1 ice. 01e1t.1 hil .it Olaf I
ix ttreticirest ill-cetratp-i im fix-ire 4? are tice rccit -tt flip aicili sttim,

tefl icciariateg lmcWer flir at lew 1tct11,t104 list..r I.. %s. ticciatti

ta-rlot1 all Itees th,- *A fiti.4c 'ci lice rm- itingc . cr-wcc cc i l
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observed except for the one remaining aci-,Ierometer on elerne,.t n-jrnber
one L: p' evtously noted. The distortion from element number oune
appeared to be due to a defect in the accelerometer. At the con-. letion
of all underwater test-i, the impedance in air, as a function. of frequency.
was measured for each of the four TR -I IF element-t. No signifirant
change was observed wl'en thcse mieasurements were compared with
those made by the manufacturer prior to the underwater tests. None of
the data presented in this report indicates damiage to any of the elements.
In light of the above, it is concluded that the elementi tested arc

s atisfactory for operation at spigdeflections as high as those obser,.ed
in these tests.
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C C 1 I,1 C

C C F F C C Fii~ure 2 -Experimenta trans-

- - - - duce~r array containing four TR-
C C C C cjc I lp lements in - baf fle of Z8

- -4--1 tRlC elements
C C C C

LA

Figure 3 Flont vie'w of experimental array
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Figure2 I I -Freque~ncy diepw.idvii of Fi-urv 12-1 Frequency dependence of
spring dt-flectiorib tn . flhzv4 to one prinL! deflections normalized to one
ampere ac input. .ment nunib4r 2. itmpere. ac input. Element number 3.

I I;
An.re it input. Elemetnt numibe r 4.
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Figure 14 Frequency dependence of

efiiec offu eeet ra

Figure 15S Frequency depend- x
ence of loading ratio of four o.

element array

ONO

Figure 16 -Vector im-pedance
locus diagram for f o ur ele-
ment array
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